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Protracted GLP-1

FIELD OF THIS INVENTION

The present invention relates to a composition containing
GLP-1 compounds and having protracted action and to a pro-
cess for preparation thereof. '

_BACKGROUND OF THIS INVENTION

Diabetes is characterized by an impaired glucése metabolism
manifesting itself among other things by an elevated blood
glucose level in the diabetic patients. Underlying defects
lead to a classification of diabetes into two major groups,
i.e., type I and type II diabetes. Type I diabetes, also
designated insulin demanding diabetes mellitus (IDDM),
arises when patients lack B-cells producing insulin in their
pancreatic glands. Type II diabetes, also designated non-
insulin dependent diabetes mellitus (NIDDM), occurs in
patients with an impaired B-cell function besides a range of
other abnormalities.

Type I diabetic patients are currently treated
with insulin while the majority of type II diabetic patients
are treated either with agents that stimulate B-cell func-
tion or with agents that enhance the tissue sensitivity of
the patients towards insulin. : »

Glucagon-like peptide-1, also designated GLP-1, is a
peptide séquence found as a constituent of mammalian pro-
glucagon. In 1985, it was demonstrated that GLP-1(1-36)
amide stimulates insulin release from isolated precultured
rat pancreatic islets in the presence of glucose in a dose-
dependent manner. This finding suggests that GLP-1(1-36)
amide and related peptides might be useful in the treatment
of type II diabetes. In recent years, particular interest
has focused on GLP-1 fragments such aé GLP-1(7-37) and GLP-
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1(7-36) amide and analogues and functional derivatives -
thereof. Hereinafter, these compounds are designated GLP-1
compounds.

It has been found that GLP-1 compounds such as GLP-1(7-

'37) and GLP-~1(7-36) amide have a too fast action when

administered to human subjects. Therefore, there is a need
for compositions containing GLP-1 compounds and having a
protracted action. The availability of such protracted com-
positions will spare the diabetics the chore and discomfort
of'multiple-daily injections. ' _
_ Apparently,' some theoretical possibilities of con-
trolling the duration of action of GLP-1(7-37) is desribed
at the bottom of Page 6 in US patent specification No.
5,120,712. The possibilities mentioned are the use of poly-
mers to complex or adsorb GLP-1(7-37), the selection of
appropriate macromolecules (for example, protamine sulphate
is mentioned among other), the incorporation of GLP-1(7-37)
into particles of a polymeric material or the entrapment of
GLP-1(7-37) in microcapsules. -

One object of this invention is to provide compositions
containing GLP-1 compounds and having a protracted action.

A further object of this invention is to provide com-
positions containing GLP-1 compounds and having a sufficient
high stability. '

BRIEF DESCRIPTION OF THIS INVENTION

Surprisingly, it has been found that protracted compositions
containing a GLP-1 compound are obtained if said com-
positions contain protamine and/or a metal salt selected
from the group consisting of cobalto and zinc salts.

It is highly surprising that compositions of this
invention release the same or almost the same amount of the
active compound per time unit during a very long period of
time, for example, during a period of a half to one day. In
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many cases, such a linear profile of release is the pre-
ferred one. '

DETAILED DESCRIPTION OF THIS INVENTION

This invention deals with compounds having GLP-1 1like
activity herein referred to as GLP-1 compounds. GLP-1 com-
pounds bind to the GLP-1 receptor (vide Proc.Nat.
Acad.Sci.USA 89 (1992), 8641). Examples of specific GLP-1

" compounds are polypeptides comprising the 7 - 33 amino acid

sequence of GLP-1, viz. formula I:

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu~-Glu-
Gly-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val
| (1) |

or a peptide sequence derived from formula I by exchanging a
few of the amino acid residues with other amino acid resi-
dues which can be coded for by the nucleotide sequences.
Preferably, not more than one, two or three of the amino
acid residues have been exchanged. The term GLP-1 compound
also comprises derivatives of said polypeptides such as acid
addition salts, carboxyléteA salts, 1lower alkyl esters,
amides, lower aikyl amides and lower dialkyl amides. -

As appears from the above statement, the compositions.
of this invention always contain a GLP-1 compound. 1In
addition to this, said composition contains eiﬁhér protamine
or a metal salt selected from the group 'consisfing of
cobalto and zinc salts. Alternatively, the compositions of
this invention contain both protamine' and a metal salt
selected from the group qonsisﬁing of cobalto and zinc
salts. If the GLP-1 compound present in the compositions of -
this invention is GLP-1(7-37) -then said composition contains
a metal salt selected from the group consisting of cobalto
and zinc salts.
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The combositidns‘ of this invention are prepared in a -
manner known per se. Being informed about the constituents
of the composition, the skilled art worker knows how to

prepare such compositions.

For example, the cobalto or zinc salts can .be the
chloride or another pharmaceutically acceptable salt.
Obviously, in the composition of this invention, the cobalto
or zinc may be present as free ions and, optionally, a
proportion of cobalto or zinc may be bound to other com-
pounds such as the GLP-1 compound and p-rotam'ine, if present.

Protamine is known to be a mixture of basic polypep-
tides. Protamine can be obtained from fishes of the family
salmon such as Oncorhynchus keta. However, also protamine
from other fish’ can be used. Normally, protamine is marketed
as protamine sulphate. 'However, also other salts can be
used. Preferably, protamine of high purity is used.

The compositions of this invention may contain a
micelle forming compound in order to stabilize the con-
position of this invention.

In addition to the specific ingredients which are to be
present in the compositions of this invention, said com-
position usually also contains .a-liquid diluent, preferably
water, and, optionally, a pH buffering agent, an osmotic
pressure controlling agent, a pxeservative or other an-
cillary agents may be added.

The compositions of this invention can be in any form
known by the skilled art worker for such compositions such.
as a solution or a suspension. A suspension of this inven-
tion may contain crystalline and/or amorphous material.

The compositions of this invention may, for example, be
used as an insulinotropic agent in the treatment of
diabetes. The dosage to be administered to human‘ subjects is '
conveniently determined by a physician. Normally, the com-
positions of this invention are administered subcutaneously
or intramuscularly. '



" LN

e

WO 95/05848 PCT/DK94/00317

10

15

20

The features disclosed in the present description, examples
and claims may, both _sebarately "and in any combination
thereof, be material for_realizing this invention in diverse
forms thereof. - : -
This invention is further illustrated by the following
exaﬁples which are not to be construed as limiting, but
merely as an illustration of some preferred features of this
invention. Additional preferred embodiments of this inven-
tion are stated in the claims.

Example 1

Trace concentrations of 1251-.GLP-1(7-36) amide were added to
GLP-1(7-36) amide in the following four preparations
designated A, B, C and D: ’

Preparation A: GLP-1(7-36) amide (1 mg/ml), glycerol (16
mg/ml) and phenol (3 mg/ml); pH value:r 7.4.

Preparation B: GLP-1(7-36) amide (1 mg/ml), zinc chloride
(0.9 mmol/l), glycerol (16 mg/ml) and phenocl (3 wmg/ml); pH
value: 7.4. )

Preparation C: GLP-1(7-36) amide (1 mg/ml), protamine sul-
phate (500 pg/ml), glycerol (16 mg/ml) and phenol (3 mg/mlj:
pH value: 7.3.

] _
Preparation D: GLP-1(7-36) amide (1 mg/ml), zinc chloride
(0.9 mmol/l), protamine sulphate (500 pug/ml), glycerol (16
ng/ml) and phenol (3 mg/ml); pH value: 7.3.

100 pl of preparation A was injected at one side of the neck
and 100 pl of preparation B at the other side in each of 6
pigs. One week later, preparations C and D were injected in
the same way in the same pigs. The absorption was followed
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by external monitoring of the radiocactivity remaining at the -
site of injection. Residual radiocactivity was expressed as.

percentage of the radioactivity measured at the time of
injection. The results obtained appear from table I.

5 Table T
Time Percentage Residual Radioactivity
Hours after injection A ‘ B’ c D
o 100 100 . 100 100
1 61 96 T - -
10 2 31 %4 : 77 93
4 11 : 80 - 61 78
6 6 66 51 67
7% - - 45 58
23 1 21 - -
15 24 - - 13 15

It appearis from this table that the presence of zinc and,
optionally, protamine surprisingly results in'a prolonged
absorption of the GLP-1 compound.

o
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CLAIMS

1. GLP-1 compositions containing, in addition to a GLP-1
compound, protamine and/or a metal salt selected from .th'e‘
group consisting of cobalto and zinc salt, with the proviso
that if the GLP-1 compound is GLP-1(7-37) then said com-
position contains a metal salt selected from the group con-
sisting of cobalto and zinc salts.

2. A composition,’ according to Claim 1, c_:haracterizéd in
that it does not contain protamine.

3. A composition, according to Claim 1, characterized in
that it does not contain a cobalto or zinc salt.

4. A composition, according to Claim 1, characterized in
that the content of the GLP-1 compound is in the range from
about 0.1 through about 50 mg/ml.

S. A composition, according to Claim 1, 2 or 4, charac-.
terized in that it contains a cobalto salt. ‘

6. A composition, according to Claim 1, 2 or 4, charac-

" terized in that it contains a zinc salt.

7. A composition, according to the previous claim, charac-
terized in that the content of 2zinc is in the rahge from
about 0.1 through about 10 atoms of zinc per molecule of
GLP-1 compound.

8. A composition, according to the previous claim, charac-
terized in that the content of zinc is in the range from
about 0.3 through about 5 atoms of zinc per molecule of GLP-
1 compound.
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9. A composition, according to the previous claim, charac- -
terized in that the content of zinc is in the range from
about 0.3 through about 1 atom of zinc per molecule og GLP-1

compound.

10. A composition; acgording to Claim 9, characterized in
that the content of zinc is in the range from about 2
through about 4 atoms of zinc per molecule of GLP-1 com-
pound. V

11. A composition, according to anyone of the previous
claims, characterized in that the GLP-1 compound is GLP-1(7-
37).

12. A composition, according to anyone of the Claims 1
through 11, characterized in that the GLP-1 compound is GLP-

1(7-36) amide.

13. A composition, according to anyone of the Claims 1 and
3 through 12, characterized in that the composition contains
protamine and a metal salt selected from the group con-
sisting of cobalto and zinc salts..

14. A composition, according to the Claims 1 and 3 through
13, characterized in that the content of protamine is so
that the molar fatio between protamine and the GLP-1 com-
pound is in the range from about 1:1 through about 1:10.

15. A composition, according to anyone of the previous
claims, characterized in that the composition contains a
micelle forming compound.

16. A composition, according to the previous claim, charac-
terized in that the micelle forming compound is a phospholi-
piqd, preferably lechitin.
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17. A composition, according to the previous claim, charac-
terized in that the micelle forming compound is present in'a
concentration sufficiently high to form micelles.

18. A composition, according to any one of the previoﬁs
claims, characterized in the pH value thereof is in the
range from about 3 through about 8.5.

19. A composition, .according "to the previous claim, charac-
terized in that the pH value thereof is in the range from
about 6 through about 8.

20. A composition, according to anyone of the preceding
claims, for use as a pharmaceutical; preferably for sub-
cutaneous or intramuscular administration.

21. The use of a composition described in anyone of the

preceding claims as a medicament.

22. A method of treating diabetes which method comprises
administering a composition described in anyone of the
Claims 1 through 20 in an effective amount to a patient in
need of such a treatment. o

-23. A process for preparing GLP-1 compositions described in

any one of the Claims 1 through 20, characterized in that
protamine. and/or a salt selected from the group consisting
of a cobalto and zinc salt is mixed with the GLP-1 compound,
optionaliy in an aqueous medium.
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